OPTICAL PATH CONTROL DEVICE 



BACKGROUND OF THE INVENTION 
Field of the Invention 

This invention relates to an optical path control device 
that can be suitably used in an optical router or the like for 
future high-speed optical communication. 
Description of the Prior Art 

A conventional technique of forming an optical waveguide 
on a semiconductor, then injecting carriers into the 
semiconductor to change the refractive index, and thus 
switching the transmission path of an optical signal, is 
described in the following patent document 1. 

Patent document 1: JP-A-4-320219 

Fig . 1 is a plan view showing the structure of an essential 
part of an optical path control device (optical switch) used 
in an optical router or the like for conventional high-speed 
optical communication, produced by a fine processing 
technique - 

In Fig. 1, an input port is provided, for example, on 
the left side of a silicon substrate 20 formed in a square shape. 
In the input port, n (in Fig. 1, n = 7) incidence units 21a 
to 21g are arranged in an array, each of which includes an 
optical fiber and collimating lens. 

An output port is provided on the lower side of this 



substrate 20. In the output port, n (in Fig. 1, n = 7) emission 
units 22a to 22g are arranged in an array, each of which includes 
a similar optical fiber and collimating lens. 

On the substrate 20, micro mirrors 23a to 23g are formed 
perpendicularly to the surface of the substrate. The micro 
mirrors are arranged so that light beams emitted from the 
incidence units 21a to 21g are reflected by these micro mirrors 
and become incident on the emission units 22a to 22g arranged 
in the output port . 

In the above-described conventional optical switch, in 
order to change the traveling direction of light, nxn two- 
dimensional mirrors must be formed, corresponding to the 
prepared n incidence units and n emission units (optical fibers 
with cell photic lenses) existing in the incidence side and 
emission side , respectively. 

However, this structure has the following problems. 

1) To form two-dimensional mirrors, two-dimensional 
planar mirrors must be installed upright by using tweezers or 
the like, and as this work is carried out for nxn mirrors, the 
number of production steps increases and the reliability of 
the device is lowered. 

2) Since the angle of the mirrors is fixed, light from 
an emission unit at an arbitrary position cannot be emitted. 

SUMMARY OF THE INVENTION 
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It is an object of this invention to realize an optical 
path control device that can solve the foregoing problems at 
the same time . 

According to this invention, there is provided an optical 
path control device comprising an optical waveguide having a 
clad layer of P-type (or N-type) formed on a substrate and a 
core layer of N-type (or P-type) stacked on the clad layer, 
and electrodes formed on both sides of a part of the optical 
waveguide, wherein a voltage is applied between the electrodes 
to change the refractive index at the part of the optical 
waveguide where the electrode is formed, thus changing the 
traveling direction of light traveling through the optical 
waveguide . 

Moreover, plural electrodes are formed on both sides of 
the optical waveguide. Plural incidence units are provided 
at one end of the substrate and plural emission units are 
provided at the other end. A voltage applied to an arbitrary 
electrode of the plural electrodes is controlled to change the 
refractive index at the part where the electrode is formed. 
Light emitted from an arbitrary incidence unit thus becomes 
incident on an arbitrary emission unit. 

As the upper electrode on the substrate is formed in a 
triangular shape, the position of incident light incident on 
the optical waveguide or the spot diameter of the incident light 
is controlled, or the voltage applied to the electrode is 



3 



controlled by using an algorithm function, the traveling 
direction of the incident light is controlled. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view showing an example of a conventional 
optical path control device. 

Fig. 2 is a plan view showing an example embodying an 
optical path control device according to this invention. 

Fig. 3 is a partial sectional view of Fig. 2. 

Fig. 4 is a plan view showing another example of the 
optical path control device according to this invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
An example embodying an optical path control device 

according to this invention will now be described with 

reference to the drawings . 

Fig. 2 is a plan view showing an essential part of an 

example embodying the optical path control device of this 

invention. Fig. 3 is an enlarged sectional view showing a part 

of Fig. 2. 

In Figs. 2 and 3, a P-type semiconductor layer 2 made 
of AlGaAs having a refractive index N2 is formed on the entire 
surface of a P ++ GaAs-based compound semiconductor substrate 1. 
This P-type semiconductor layer 2 functions as a clad layer 
of an optical waveguide . 
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A GaAs semiconductor layer 3 of N- types having a 
refractive index .Nl is formed over the clad layer 2. This 
semiconductor layer 3 functions as a core of an optical 
waveguide . 

A Si0 2 layer 4 having a refractive index N3 is formed over 
the core layer 3 . The refractive indexes of the clad layer 
2, core layer 3 and Si0 2 layer 4 are in the relations of N1>N2 
and N1>N3. These layers form an optical waveguide 7. A 
triangular part of the SiO z layer is removed and an upper 
electrode 5 is formed in the place from which the part of the 
Si0 2 layer has been removed. A lower electrode 6 is formed on 
the substrate 1 formed by the P* + layer, and this P ++ layer 
functions as the lower electrode. A voltage application unit 
8 is to apply a voltage between the upper electrode 5 and the 
lower electrode 6. It has a function of controlling the 
voltage . 

In the above -described structure, light is made incident 
on the core layer 3 from an end part of the substrate. When 
no voltage is applied between the upper electrode 5 and the 
lower electrode 6, light passing below the triangular upper 
electrode 5 travels straight through the core layer. 

When a voltage is applied between the upper electrode 
5 and the lower electrode 6 , the refractive index changes at 
the part of the optical waveguide where the triangular upper 
electrode 5 is formed. As a result, light is refracted into 
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the direction of arrow B. The direction of refraction varies, 
depending on the shape of the triangle, the position of 
incidence, and the intensity of the voltage applied between 
the electrodes. 

Fig. 4 is a plan view showing another example embodying 
this invention. 

The same elements as in the conventional example shown 
in Fig. 1 are denoted by the same symbols and numerals. la 
represents a P + *GaAs -based compound semiconductor substrate on 
which the optical waveguide 7 shown in Fig. 2 and plural (in 
Fig. 4, 7x7) triangular electrode 5 are formed. Each of the 
plural upper electrodes 5 has its one side arranged at right 
angles to the incidence unit 21, at a cross point on the optical 
waveguide where lines extending from the n incidence units and 
n emission units intersect each other. A voltage application 
unit 8a is to apply a voltage between the upper electrodes 5 
and the lower electrode 6. It has a function of controlling 
the voltage and an algorithm function. 

The traveling direction of light passing through the 
optical waveguide in a two-dimensional plane is controlled by 
controlling the intensity of the voltage applied between the 
upper electrodes 5 and the lower electrode 6 or by controlling 
the position of incidence of incident light on the optical 
waveguide 7 situated below the triangular upper electrodes 5 
or the diameter of the incident light. 
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In Fig. 4, light incident on the incidence unit 21 becomes 
incident on the core layer 3 (see Fig. 3) over the substrate 
la and travels straight within the optical waveguide 7 in a 
two-dimensional plane. When a voltage is applied to the upper 
electrode 5 existing at the cross point, the refractive index 
changes at that part of the optical waveguide. As a result, 
the traveling direction of light changes in the two-dimensional 
plane. The traveling direction of light changes, depending 
on the intensity of the applied voltage. 

In Fig. 4, because of voltages applied to the electrodes 
1-6 and 6-4, the traveling directions of light beams incident 
on the optical waveguide from the incidence units 21a, 21f are 
bent by changes in the refractive index of those parts of the 
optical waveguide 7, and the light beams become incident on 
the emission units 22b, 22d. 

Therefore, by arranging nxn electrodes corresponding to 
n incidence units and n emission units, then applying a voltage 
to electrodes of arbitrary positions by the voltage application 
unit 8a using an appropriate algorithm, and thus controlling 
the refractive index in an optimum manner, it is possible to 
guide light incident on the core layer 3 from an incident unit 
to an arbitrary emission unit at a high speed without causing 
any loss. 

The above description of this invention is simply the 
description of specific preferred examples for the purpose of 



explanation and illustration. Therefore, it should be 
understood by those skilled in the art that various changes 
and modifications can be made without departing from the scope 
of this invention. 

For example, though triangular electrodes are used in 
the above-described examples, the electrodes may be circular 
or elliptical. While the clad layer is of P-type and the core 
layer is of N-type in the examples, the clad layer may be of 
N-type and the core layer may be of P-type. 

Moreover, while 7x7 upper electrodes 5 are used in the 
above-described example, forming a larger number of upper 
electrodes enables smoother control of the traveling direction 
of light. 

It should be understood that the scope of this invention 
defined by the claims includes such changes and modifications. 

As is specifically described above using the examples, 
according to this invention, electrodes are formed on both 
sides of a part of an optical waveguide and a voltage is applied 
between the electrodes to change the refractive index at the 
part of the optical waveguide where the electrode is formed. 
Therefore, the traveling direction of light can be changed. 

Moreover, an optical waveguide formed on a substrate, 
plural electrodes formed on both sides of the optical waveguide, 
plural incidence units formed at one end of the substrate, and 
plural emission units formed at the other end are provided. 
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A voltage applied to an arbitrary electrode of the plural 
electrodes is controlled to change the refractive index at the 
part of the optical waveguide where the electrode is formed. 
Light emitted from an arbitrary incidence unit and incident 
on a core of a substrate thus becomes incident on an arbitrary 
emission unit. 

Since the position of incidence of incident light or the 
diameter of the incident light is controlled to emit light to 
an arbitrary emission unit , it is possible to realize an optical 
switch that has a high degree of freedom in control, is 
small-sized, has no moving part and has high reliability. 

Moreover, by providing a voltage application unit with 
an algorithm-based optimization processing function in order 
to improve the responsiveness and the degree of freedom of the 
optical switch, it is possible to realize a highly flexible 
optical switch that can cope with, for example, changes in 
communication quantity and communication failure. 
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